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RESEARCH ON PROPERTIES OF 
STEAM 


The development of the steam turbine 
during the present century has so greatly 
extended the range of temperatures and 
pressures at which steam is used that the 
older data on properties of steam, which 
previously had been sufficient for tech- 
nical requirements, were no longer ade- 
quate. To meet the situation, a confer- 
ence of engineers and physicists was 
called in Cambridge, Mass., June 23, 
1921, under the auspices of the Ameri- 
can Society of Mechanical Engineers. 
This conference recommended a research 
program designed to produce more ac- 
curate data in the fields already cov- 
ered, and to extend the investigations 
to higher temperatures and pressures. 


| 
| 
| 
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Harvard University, the Massachusetts | 


Institute of Technology, and the Bureau 
of Standards were each to carry through 


portions of the program, which was to | 


be supported by the American Society 
of Mechanical Engineers. 

The Bureau of Standards, as its part 
of the program, has been conducting an 


investigation of the properties of water | 


and steam at the saturation limit. A 
thorough analysis of the problem was 
first made, which showed that a series 
of calorimetric measurements would 
yield coherent and consistent values for 
an important group of thermal proper- 
ties of water and steam at saturation, 
and that by suitable design, the same 
calorimetric equipment could be used to 


determine certain properties of super- | 


heated steam. 
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On the basis of this analysis, the 
calorimetric equipment and the acces- 
sories were designed and constructed. 
The calorimeter consists of a miniature 
steam boiler, electrically heated, with 
provision for efiective circulation of the 
water contained within it by means of 
a centrifugal pump. This boiler, which 
will hold about a pound of water, is 
carefully isolated so that heat inter- 
change with its surroundings will be 
very slow, if there is a difference of 
temperature, and in operation, the en- 
velop of the calorimeter is kept at the 
same temperature as the calorimeter by 
means of an oil bath. Thus the amount 
of energy added in an experiment can 
be accurately determined, as well as its 
effect in raising the temperature of 
water, or in evaporating the water. 

Since hot water attacks many metals, 
the calorimeter and its parts are either 
made of, or protected with, metals or 
alloys which resist attack. The calorim- 
eter itself is silver plated inside, and 
the parts inside are either pure silver, 
or of alloys of silver with gold, palla- 
dium, etc. These alloys were selected 
because they had the desired mechanical 
properties combined with immunity from 
attack by hot water. 

Accessories include connections by 
which water can be transferred to or 
removed from the calorimeter, receivers 
in which water can be weighed, vacuum 
pumps for removing air from the calorim- 
eter or from the space surrounding it, 
an oil bath with automatic temperature 
control at any desired temperature, a 
potentiometer and auxiliaries for meas- 
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uring electric power input, connections 
to a standard clock for measuring time 
intervals, and platinum resistance ther- 
mometers and auxiliaries for tempera- 
ture measurements. There is also a 
connection through a pressure capsule 
so that the pressure inside the calorim- 
eter can be measured with a dead- 
weight piston gauge. 

The calorimeter is designed for experi- 
ments up to 300° C. where the pressure 
is 2bout 85 atmospheres or 1,250 lbs./in.*. 

Measurements completed to date yield 
data on thermal properties of water and 
steam in the range 0° to 270° C. These 
results, combined with a few supplemen- 
tary data from the work of other experi- 
menters, are sufficient for a complete 
formulation of thermal properties of 
water and steam at the saturation limit, 
within the range given and are offered 
as an American contribution which may 
serve as a foundation for a more com- 
plete steam table. 

Research on properties of steam has 
also been actively pursued for many 
years in Germany and England and more 
recently in Czechoslovakia also. During 
the summer of 1929 an international con- 
ference of research workers and others 
actively interested in the determination 
of the properties of steam was held in 
London. This conference led to im- 
portant results in promoting mutual un- 
derstanding and it also succeeded in ar- 
riving at a basis for unifying the results 
obtained in the various countries, It 
abandoned the calorie and B. t. u. as 
fundamental heat units substituting the 
international kilowatt-hour. It also 
agreed upon a skeleton table of the prop- 
steam which gives values with 
tolerances for the important properties 
over the range useful in practice. It also 
stipulated that any steam table which 
was in agreement within the tolerances 
with the skeleton table, and was thermo- 
dynamically consistent, should be re- 
garded for the present as an international 
steam table. 

A second conference is to be held in 
Berlin in June of this year. At this con- 
ference a wealth of new data, including 
a considerable part of the results ob- 
tained at the Bureau of Standards, will 
be available for use in revising or com- 
pleting the skeleton steam table. 

A full account of the work done at 
the bureau is to be published during the 
present year in the Journal of Research. 

Progress reports, giving the results of 
all the experimental work done in this 
country, have been published for a num- 
ber of years in Mechanical Engineering, 
in the February number. The skeleton 
steam table and the report of the London 
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conference appeared in Mechanical En- 
gineering for February, 1930. The 
American Society of Mechanical Enzi- 
neers has also published a Mollier chart 
for steam and a provisional steam table. 
These publications can be purchased from 
the office of the society, 29 West Thirty- 
ninth Street, New York, N. Y, 


AIRCRAFT ENGINE IGNITION 
SHIELDING 


Airplane engine ignition shielding is 
necessary in order to permit full and 
efficient use of the sensitive aircraft 
radio receiving sets now available. Igni- 
tion shielding consists of so confining 
the electrical fields of the ignition sys- 
tem that no interfering signal due to 
ignition can be induced in the radio 
receiving circuits. The work of the bu- 
reau toward the development of a prac- 
tical ignition shielding assembly is de- 
scribed in the March number of the 
Bureau of Standards Journal of Re- 
search. 

The entire electrical system of the 
ignition must be encased in a high-con- 
ductivity metallic shield. This requires 
that the magnetos be provided with such 
metal covers as will completely inclose 
the distributing heads. The booster 
magneto outlet must also be covered. 
All distributing wires must be inclosed 
in a metal casing, the spark plugs must 
be shielded, and the booster leads and 
leads to the ignition switch, including 
the ignition switch itself, similarly 
treated. 

Inclosing the high-voltage electrical 
system of the ignition in a closely sur- 
rounding grounded metallic casing in- 
troduces certain problems of mechanical 
and electrical design. It is much more 
difficult to secure a shielding assembly 
which will not adversely affect the en- 
gine ignition system than to obtain com- 
plete freedom from interference for the 
radio equipment. 

The first shielding installation tried 
made use of the original ignition mani- 
fold supplied with the engine. The dis- 
tributing leads were individually shielded 
with closely woven copper braid and 
threaded through the manifold. Shielded 
spark plugs were employed, the shield 
being incorporated as an integral part 
of the spark plug. The magneto distrib- 
utor blocks were individually covered 
with metal cans accurately fitted to the 
magneto to within 0.005 inch. The 
ignition switch and the terminal block 
of the booster magneto were inclosed 
by metal covers. Shielding the switch 
and booster leads by means of closely 
woven copper braid completed the 
installation. 
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From a radio point of view the instal- 
lation described was satisfactory. Not 
the slightest trace of ignition interference 
could be heard in the head telephones 
when using a receiving set having an 
over-ali voltage amplification of about 
3,000,000 to 5,000,000. Practical diffi- 
culty was, however, experienced. The 
magneto and spark plugs were not suffi- 
ciently protected from water. Short- 
circuiting of the magneto distributors 
and of the spark plugs during rain oc- 
curred. Moreover, breaking of the small 
wires of the shielding braid, either in 
manufacture or in use, served to destroy 
the lacquered finish on the surface of 
the high-tension cable and _ produced 
points of brush discharge owing to the 
interior current of the cable. The abra- 
sive action of the metal on the cable also 
tended to injure the lacquered finish. 
The finish is necessary to protect the 
rubber of the cable against corona ozone 
and against the effects of oil and mois- 
ture. When the lacquer finish was de- 
stroyed deterioration of the rubber oc- 
curred, resulting in faulty ignition. 

In the next installation some of the 
difficulties outlined above were corrected. 
The spark plugs were made water-tigh 
by means of a special elbow fitting in 
corporated in the plugs. A complete 
waterproof cover for each magneto was 
employed, with a single outlet for the 
nine ignition distributing leads. A com- 
plete ignition harness was used with the 
distributing leads grouped together in 
a single ring. he nine leads to each 
magneto were also grouped. A closely 
woven copper shielding braid surrounded 
each group of wires, liquid-proof loom 
being used as a cushioning fabric be- 
tween the groups of wires and the copper 
braid. Braiding the individual leads 
from the ignition harness to the spark 
plugs was still employed. 


t 


This shielding assembly proved some- 
what more durable in service than the 
first type described. The grouping of 
the leads and use of shielding braid 
around the groups rather than on indi- 
vidual leads considerably relieved the 
added dielectric stress on the ignition 
cable because of shielding. The por- 
tions of the ignition cable from the 
shielding harness to the spark plugs, be- 
ing directly covered with copper braid, 
continued to be a source of. trouble. 
Two installations were made, one last- 
ing 30 hours and the other 50 hours 
before faulty ignition occurred. 

The need of some method of shielding 
the individual leads from the ignition 
manifold to the spark plugs other than 
by the direct application of metal braid 
over the high-tension cable was demon- 


strated. The third shielding assembly 


NEWS BULLETIN 


5 
23 


tried accomplished this by the use of 
liquid-tight flexible metal tubing, with a 
surrounding layer of copper braid to 
insure efficient shielding. A metal mani- 
fold was employed with unshielded high- 
tension cable drawn through it in the 
usual way. To complete the shielding 
of the ignition leads from the manifold 
to the spark plugs each lead was in- 
closed in a suitable length of flexible 
metal tubing (provided with water-tight 
fittings at each end to connect to the 
manifold and spark plug). The groups 
of leads from the manifold to the mag- 
neto outlet were similarly inclosed in 
flexible metal tubing of proper size. 
This larger tubing was connected to the 
manifold by a water-tight fitting and 
to the shielded magneto by means of an 
elbow fitting. This elbow fitting also 
provided outlet for the booster and 
switch leads. The use of flexible metal 
tubing was extended to the shielding of 
these leads. 

This shielding assembly has proved 
satisfactory in operation and gives prom- 
ise of fulfilling all the requirements for 
a safe ignition shielding assembly. It is 
now available in commercial form for the 
Wright J-5 and J-6 and for the Pratt 
and Whitney Wasp engines. 


IMPROVEMENTS IN VISUAL INDICA- 
TOR FOR AIRCRAFT RADIOBEACON 


As a result of intensive research work 
on the tuned-reced course indicator devel- 
oped by the Bureau of Standards for use 
with the directive radiobeacon system, an 
improved design has been developed of 
approximately twice the sensitivity of 
those used hitherto. This gain resulted 
from improvements in design of the per- 

lanent magnet used for polarizing the 
reed. 

A test flight using this reed indicator 
showed that the useful distance range of 
the visual-type 
creased to about 250 
with 175 miles 
passed directly over the radiobeacon 
tower at Hadley Field (transmitting 
aural signals on a frequency separated 
by 60 kc from that at College Park), 
170 miles distant from College 1 
Md., without effect on 
tions. The 
course at Hadley Field was 
this is slightly better than ‘ 

Further increases in the sensitivity of 

od 1 the 
nickel-steel alloy for the reed 
having gre r magnetic per- 
than previously 
xaterial. Metallurgical experiments 
progress t etermine whether 


alloy 


range beacon was in- 
miles, as compared 
The airplane 


. } 
previously 
previously. 


sharpness 


indicator < expected fron 


suitable 


properties, particularly zero temperature 


can be n with 
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coefficient of elasticity, which is neces- 
sary to avoid errors due to temperature 
changes. 

The increase in sensitivity of the reed 
indicator is of immediate practical im- 
portance, since it extends the useful dis- 
tance range of the beacon, reduces the 
effect of interference for a given distance 
range, and considerably simplifies the 
filter circuit problem in the simultaneous 
reception of radiotelephone and radio- 
beacon signals transmitted on the same 
carrier frequency. 

Increase in sensitivity of the reed in- 
dicator has still another advantage. 
The number of reed frequencies avail- 
able for directive radiobeacon service 
was previously limited to the range 65 
to 120 cycles. The lower limit is set 
by the audio-frequency characteristics 
of aircraft receiving sets, and the upper 
limit by the reed sensitivity. With in- 
creased sensitivity, the upper limit may 
be advanced to about 150 cycles. This 
permits the use of at least eight reed 
frequencies, with sufficient separation be- 
tween them to prevent beating effects. 
It, therefore, becomes possible to use 
four separate sets of modulation fre- 


quencies with the double-modulation or | 
4-course beacons and two sets with the 


triple-modulation or 12-course beacons. 
The use of different sets of modulation 
frequencies by near-by beacon stations 
will render very simple the problem of 
discrimination between different beacons. 
It will also reduce the total width of 


band of radio frequencies required for 


operation of a given number of bands. 


IMPROVEMENT OF RADIO-MEASURE- 


MENT METHODS 


The Bureau of Standards is trying to 
improve the methods of radio measure- 
i 


ment and is investigating applications of 


these measurement methods to technical 
problems. In this connection, measure- 
been made recently of the 
radio-frequency properties of insulating 
materials and of the characteristics of 
radio reccivers. 

At the request of another Government 
department, a study of radio properties 
of mica was. started. This includes 

other properties the measure- 
ment of the phase difference, which is 
a measure of power loss in the material. 
This power small in 
mica. measurements require the 


ments have 


among 


loss is extremely 
Thes 
determination of very small changes in 
current, and interference from external 
may completely mask the effect 
which is looked for. To eliminate such 
interference a room completely inclosed 
with special copper screening has been 
built of the rooms of the 
radio This shielded room 


soul 3 


inside 


one 


building. 
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makes it possible to carry on these and 
other very delicate measurements with- 
out any electrical disturbance. 

In order to assist other Government 
departments in the preparation of speci- 
fications for the purchase of radio re- 
ceivers, and in the testing of radio re- 
ceivers of different types, the bureau has 
installed equipment for making sensitiv- 
ity, selectivity, and fidelity measure- 
ments at all frequencies from 15 to 
4,000 kc. By the use of this equipment, 
tests are made throughout this fre- 
quency range which are similar to the 
tests outlined for broadcast receiving 
sets by the Institute of Radio Engineers. 

There have been no publications on 
these lines of work, and none are 
planned as yet. When the publications 
are prepared and issued they will be 
announced in these columns. 


APPLYING THE VISUAL DOUBLE 
MODULATION TYPE RADIO RANGE 
TO THE AIRWAYS 


A paper of the above title, by H. 
Diamond, was published in the February 
issue of the Bureau of Standards Journal 
of Research. This paper deals with the 
methods which can be used for changing 
the angles between the coursss worked 
out by radio range beacons and thereby 
obtaining alignment of the courses witk 
the actual airways converging upon the 
airport where the radio range beacon is 
installed. A mathematical analysis is 
made of each method employed, and the 
amount of angular variation possible is 
tabulated, Sample calculations are made 
for actual airway routes to demonstrate 
the several methods. A number of cir- 


| cuit arrangements are described by which 


a single visual type radio range beacon 
may serve 2, 3, or 4 courses radiating 
from a given airport at arbitrary angles 
with each other. 

Further details are given in the paper, 
which ts available separately as Bureau 
of Standards Research Paper No. 148, 
obtainable by purchase from the Super- 
intendent of Documents, Government 
Printing Office, Washington, D. C. 


PHYSICAL PROPERTIES OF ELECTRI- 
CALLY WELDED STEEL TUBING 


The bureau has recently completed an 
investigation of the physical properties 
by the John- 


of sheet stecl tubing made 
fotm- 


metal 
along a narrow band at the seam is 
brought to a welding temperature by 
passing an electric current through it, 
and the edges are then forced together 
by mechanical fixtures. 

As the tubing comes from the welding 
machine it has a small burr on the in- 


ston electric-welding process. In 
longitudinal seam, the 


ing the 
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side and outside at the weld, and its 
outside diameter is from 0.02 to 0.04 inch 
greater than the nominal size. 

The tubes included in this investiga- 
tion varied in outside diameter from °% 
inch to 3 inches and in wall thickness 
from 0.028 (22 B. W. gage) to 0.120 
inch (11 B. W. gage), inclusive. They 
were tested in tension, in compression, in 
torsion, hydrostatically, in tension of 
weld of circumferential strips, for hard- 
ness, and for flanging. A comparative 
microscopic examination of the structure 
of the metal was made at the weld and 
at other points around some typical 
tubes. 

The significant tests of the weld were 
the torsion, hydrostatic, and tension of 
circumferential strips with the weld in 
the center as well as outside of the tested 
section. In the torsion test the buckling 
(failure did not begin at the weld in 
any of the specimens. The positions 
of the fractures in the hydrostatic speci- 
mens and in the tensile specimens of 
circumferential strips show that the 
strength, except in the case of the 
swaged-annealed tubes, does not depend 
upon the strength of the weld, but upon 
the strength of the metal not affected 
by the welding operation (base metal). 
The tensile strength of the weld of the 
swaged-annealed tubes is about 90 per 
cent of the strength of the base metal. 

This investigation will be fully de- 
scribed in the April number of the Bu- 
reau of Standards Journal of Research. 


MEETING OF EXAMINING BOARD OF 
HOROLOGICAL INSTITUTE 


The examining board of the Horologi- 
cal Institute of America met at the Bu- 


reau of Standards on March 4, 1930, 
and examined 44 repaired watches and 28 

papers submitted by candidates 
for the institute’s certificates. 

As a this examination, 18 
Junior Watchmaker’s and 9 Certified 
Watchmaker’s certificates were granted. 

The object of this work is to raise 
the level of watch repairing, the insti- 
tute’s certificates being granted only to 
those who show the requisite profi- 
ciency. The candidate must repair a 
watch, purposely put out of order, in a 
satisfactory manner and must pass a 
successful written test on all phases of 
watch repairing. The bureau cooperates 
by testing the watches. 


result of 


RAYON AS A PAPER-MAKING 
MATERIAL 


aboratory tests were conducted at the 
bureau to determine the paper-making 
quality of rayon when subjected to the 
same treatment as rags in the produc- 


tion of fine pap Cotton and 1 
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fibers are commonly used for papers, 
such as bonds and ledgers, on account of 
their strength and durability. In addi- 
tion to their value in these respects 
they are used in the manufacture of 
papeteries and other fine writing papers, 
also to impart softness and other desir- 
able characteristics of surface and finish. 
The presence in rag stock of any fiber 
which would advertently affect these 
qualities of the paper is undesirable. 
Since increasing amounts of rayon are 
being found in the rags and textile waste 
used in rag-paper manufacture the test 
data are believed to be of value to that 
industry. 

Samples representative of the four gen- 
eral processes of rayon manufacture— 
viscose, nitrocellulose, cuprammonium, 
and cellulose acetate—were included in 
the tests. The equipment employed in 
the preparation of the pulp and its sub- 
sequent conversion’ into paper was on a 
laboratory scale and is that used at the 
bureau for preliminary tests of all 
paper-making materials under investiga- 
tion. The caustic soda and lime process 
were each used in the cooking operation. 
Paper-making stock was prepared from 
the pulp, alone and in admixture with 
sulphite pulp, and converted into paper 
on a sheet mold. 

Owing to loss of strength when 
wetted the rayon filaments tended to 
break into short lengths during the 
preparation of the paper-making stock 
without the fibrillation and fraying nec- 
essary for good felting properties, As 
a comsequence, the all-rayon. sheets 
lacked the strength to withstand the 
handling necessary in the pressing and 
drying operations, and the pliability 
characteristic of rag papers. Likewise, 

made of rayon in admixture with 
pulp were considerably weaker 
hose made from sulphite alone. 
test data indicate that rayon is 
valueless in the rag stock for high-grade 
papers and may actually be detrimental 
to their quality. 

A complete report of this investiga- 
ion, prepared by M. B. Shaw and G. W. 

ing, was published in the February, 
number of the bureau’s Journal of 
arch, as Research Paper No. 143. 
eparate reprints may be purchased from 
Superintendent of Documents, Gov- 
1ent Printing Office, Washington, 


at § nts each. 


the 


MINERALOGICAL CHANGES IN FIRE 
CLAYS 

Recent fire 

led to an interesting observa- 

tion in which it was noted how certain 

reactions proceed when such clays are 

red at comparatively high temperatures. 


experimental work with 
clays has 
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It has been known for some time that 
mullite and free silica develop during 
the firing of clays in certain temperature 
ranges and that fluxes bear an impor- 
tant relation to that development. The 
bureau is now able to show how the 
linear thermal expansion is directly af- 
fected by the formation of mullite and 
the development of free silica accom- 
panying it. The formation of mullite 
from clay may be expressed as follows: 


3(Al.0;.2Si0.) +heat=3Al.,0;.2Si0.+ 
4SiO, 


Linear thermal expansion measure- 
ments from 20° to 900° C. were made of 
three different fire clays containing very 
little, if any, free quartz previous to 
firing and whose alumina content on a 
water-free basis was approximately 45 
per cent. These measurements and 
petrographic examinations were made 
after firing the clays at the follow- 
ing temperatures: 1,120°, 1,180°, 1,260°, 
1,400°, and 1,525° C. The rate of ex- 
pansion of the clays after firing at 
1,120° C. was practically uniform 
throughout the entire range studied, and 
the petrographic examinations failed to 
show the presence of mullite. 
temperature of firing was increased 
(1,180 and 1,260° C.), both the expan- 
sion and mineralogical composition 
showed decided changes. The linear 
thermal expansion observations which 
show no longer a uniform rate of ex- 
pansion below 200° C. indicate that the 


silica set free as a result of the develop- | 


ment of mullite appears to be in the 
form of cristobalite with possibly a 
small percentage of tridymite. The 
petrographic examinations show the 
presence of mullite and a glassy matrix 
too small in quantity to identify. 
firing at 1,40C° C. the high rate of ex- 
pansion below 200° C. has decreased 
considerably, and after the firing at 
1,525° C. the rate throughout the entire 
range studied (20° to 900° C.) has again 
become uniform, though somewhat lower 
than that obtained after the clay was 
fired at 1,120° C. The petrographic 
examination shows that the clay after 
firing at 1,525° C. is composed entirely 
of mullite and a glassy matrix material. 
The results of the thermal expansion 
measurements, together with the infor- 
mation obtained in the petrographic ex- 
amination, would indicate that the cris- 
tobalite has been converted to glass. 


INDEX OF REFRACTION VERSUS COM- 
POSITION OF SODA-LIME GLASSES 


with the bureau’s work 
on optional glass, it seemed desirable to 
determine, if possible, 


In connection 


numerical rela- 


| glasses 
| the greatest care; the soda and lime were 


| soda-silica 


As the | 


| lowing 


After | 





| walls. 


STANDARDS 


tions between the chemical composition 
of glasses and their refractive index 
which would cover a larger field than 
those previously investigated. 

A series of “ pure” glasses ranging in 
in composition from about 50 per cent 
each of silicia and soda to 80 per cent 
silicia—20 per cent soda were made. 
Also, similar glasses were made in which 
from 3 to 15 per cent lime was substi- 
tuted for soda. 

The raw materials from which these 
were made were selected with 


chemically pure and the silicia was ob- 
tained from large colorless quartz crys- 
tals. The glasses were melted in a 
platinum crucible, heated in a platinum 
resistance furnace. 

The refractive indices (Na) of these 
glasses were measured by an immersion 
method which gives an accuracy of ap- 
proximately 0.0003. All of the glasses 
were carefully analyzed, in some cases 
the percentage of soda being obtained 
“by difference.” 

A study of the data led to the con- 
clusion that the index of refraction of 
and soda-lime-silica glasses 
in the range between the ordinary com- 
mercial glasses and the exceedingly soft 
glasses can be computed from the fol- 
equations in which P is the 
percentage of the respective constituents: 
Nu due to SiO,=0.042712(P)°*™*’—0.2 
Na due to Na,O=0.0153(P) —0.00837 
Na due to CaO=0.017219(P) —0.00103 

Using the above expressions, the index 
of refraction of 33 of the 35 experimental 


| glasses can be computed to better than 


0.001 and in the majority of cases to 


| about 0.0005. 


REVISED CIRCULAR ON ARCHITEC- 
TURAL ACOUSTICS 


Circular No. 380 (a revision of Cir- 


| cular No. 300 of the Bureau of Stand- 


ards) on architectural acoustics was 
released early in March and contains 
valuable information on the design of 


| auditoriums. 


The circular points out that the usual 
acoustical defects of auditoriums are 
echo, dead spots, and _ reverberation. 
Reverberation (including echo, which is 
a particular kind of reverberation) is a 


| serious defect, since the prolongation of 


one sound, such as a musical note or 
spoken syllable, may interfere with the 
next sound, producing hopeless confu- 
sion. This is likewise a difficult defect 
to remove, and should be prevented by 
foresight in construction. Whenever 
possible, the architect should avoid cir- 
cular halls and smooth, hard-finished 
Surfaces, such as the ceiling and 
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even the proscenium arch in theaters, 
should be broken up into irregular areas 
which will scatter the reflected sound. 

Dead spots and sound foci result as a 
consequence of reverberation producing 
conditions and may be treated in the 
same way. Balconies often require spe- 
cial treatment, and if low and deep are 
almost certain to be unsatisfactory. 

A certain amount of reverberation, or 
prolongation of a sound, is desirable 
provided the reverberation does not last 
long enough to interfere with the next 
succeeding sound. A table of acceptable 
limits of reverberation time for rooms 
of different volumes and formulas for 
calculating the reverberation time are 
given. Values are likewise given for the 
sound-absorbing powers of different ma- 
terials as compared with an open win- 
dow which constitutes an almost perfect 
absorber. 

Practical general directions for de- 
signing an auditorium are included, and 
it is pointed out that rooms of certain 
sizes are best for specific purposes. 
Thus, a theater should be of moderate 
size, while an auditorium for musical 
numbers may be much larger. In case 
an orchestra is reinforced by an organ, 
due allowance must be made or the 
organ may drown out the other instru- 
ments. Great care should be used in 
selecting the interior finish so as to re- 
duce the reverberation time to a proper 
value. There should be no difficulty in 
selecting suitable trimmings, since sound 
absorbing materials of many different 
kinds are now available commercially. 

Copies of this circular may be obtained 
from the Superintendent of Documents, 
Government Printing Office, Washing- 
ton, D. C., at 5 cents each. 


CONSTRUCTION ACTIVITY DURING | 


DECEMBER, 1929 


Construction contracts valued at $316,- 
3€8,100 were awarded in 37 Eastern 
States during December, 1929, according 
to reports of the F. W. Dodge Corpora- 
tion. This total was about 27 per cent 
less than that for December, 1928, and 
was also lower than in 1927 and 1926 
by 34 and 41 per cent, respectively. In- 
dustrial construction and social and rec- 
reational buildings were the only classes 
for which contracts were of greater value 
than in December, 1928, Both residen- 
tial building and public works and utili- 
ties contracts were valued at about 35 
per cent less than in the same month a 
year earlier. 

Contracts awarded for construction 
to cost $5,771,560,500 during the year 
1929 represented a decline of 13 per cent 
in comparison with $6,636,186,100 in 
1928, and stood at a level about 8 per 
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cent below 1927 and 10 per cent lower 
than in 1926. The Minneapolis district 
alone showed a gain over the preceding 
year, the declines in other districts rang- 
ing from 4 per cent in the Southeastern 
to 20 per cent in the New England dis- 
The increase in comparison with 
1928 in the value of awards for com- 
mercial buildings was 5 per cent, for 
industrial construction 19 per cent, and 
for public buildings 58 per cent, while 
declines were shown in contracts for 
residential buildings and public works 
and utilities amounting to 31 and 7 per 
cent, respectively. 


NEW AND REVISED PUBLICATIONS 
ISSUED DURING FEBRUARY, 1930 


Journal of Research? 


Bureau of Standards Journal of Re- 
search, Vol. 4, No. 2, February, 1930 
(RP Nos. 140 to 151, inclusive). Ob- 
tainable only by subscription. See 
footnote. 


Commercial Standards Monthly’ 


CSM., Vol. 6, No. 8, February, 
Obtainable only by subscription. 
footnote. 


1930. 
See 


Technical News Bulletin’ 


TNBI55. Technical News Bulletin, 
March, 1930. Obtainable only by sub- 
scription. See footnote. 


OUTSIDE PUBLICATIONS ? 


In this list are included in so far as 
possible, all articles by members of the 
bureau’s staff on scientific and technical 
subjects. Some of these articles are 
written in the author’s unofficial capa- 
city only, and deal with subjects outside 
the field of the Bureau of Standards. 
The article itself should always be con- 
sulted to determine whether or not it 
expreses the official opinion of the 
bureau. 
Electrical equipment improved by Fed- 

eral studies and tests. Devices used to 
electricity standardized. E 
C. Crittenden; United States Daily 
(Washington, D. C.), Vol. IV, Nos. 


measure 


*Send orders for publications under this 
heading with remittance only to the Super- 
intendent of Documents, Government Print- 
ing Office, Washington, D. C. Subscription 
to Technical News Bulletin, 25 cents per 
vear (United States and its possessions, 
Canada, Cuba, Mexico, Newfoundland, and 
Republic of Panama); other countries, 40 
cents. Subscription to Journal of Research, 
$2.75: other countries, $3.50. Subscription 
to Commercial Standards Monthly, $1; 
other countries, $1.25. 

2** Outside publications’ are not for dis- 
tribution or sale by the Government. Re- 
quests should be sent direct to publishers. 
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288 and 289, page 8; February 8 and 
10, 1930. 

The development of the National Elec- 
trical Code. M. G. Lloyd; the Cen- 
tral Station (New York, N. Y.), Vol. 
30, No. 1, p. 20; February, 1930. 

Bureau of Standards apparatus and 
method for determining gas compressi- 
bility and the “ super-compressibility ” 
correction. H. S. Bean; Western Gas 
(Los Angeles, Calif.), Vol. VI, No. 2, 
p. 46; February, 1930. 

A specification for dental amalgam al- 
loys: A report to the scientific founda- 
tion and research commission of the 
American Dental Association. N. O. 
Taylor; Journal of the American Den- 
tal Association (Chicago, IIl.), Vol. 
XVII, p. 112; January, 1930. 

Thermal expansion of lead. Peter Hid- 
nert and W. T. Sweeney; Physical Re- 
view (Corning, N. Y.), Vol. 35, p. 296; 
February 1, 1930. 

Influence of mineral composition of ag- 
gregates on fire resistance of concrete 
S. H. Ingberg; Proceedings, American 
Society for Testing Materials (Phila- 
delphia, Pa.), Vol. 20, Part II, p. 824; 
1929, 

Vapor pressures of gas-free gasolines. 
O. C. Bridgeman, E. W. Aldrich, and 
H. S. White; Bulletin, American Pe- 
troleum Institute (New York, N. Y.), 
Vol. XI, No. 1, Sec. III, p. 4; Janu- 
ary 2, 1930. 


BUREAU OF 


Fuel volatility and engine acceleration. 
D. B. Brooks and C. S. Bruce; Bulle- 


tin, American Petroleum Institute 
(New York, N. Y.), Vol. XI, No. 1, 
Sec. III, p. 24; January 2, 1930. 

Some lubrication developments. (Refer- 
ence to remarks by M. D. Hersey); 
Transactions, American Society of 
Mechanical Engineers (New York, 
N. Y.), MSP-51-21, p. 159; 1929. 

Report on progress in steam research at 
the Bureau of Standards, with deter- 
minations of heat content and latent 
heat up to 270° C. N. S. Osborne, 
H. F. Stimson, and E. F. Fiock; 
Mechanical Engineering (New York, 
N. Y.), Vol 52, No. 2, p. 127; Febru- 
ary, 1930. 

The passing of the mechanical equiva- 
lent of heat. E. F. Mueller; Mechani- 
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cal Engineering (New York, N. Y.), 
Vol. 52, No. 2, p. 139; February, 1930. 

Discussion of physical properties and 
methods of test for some sheet non- 
ferrous metals. H. L. Whittemore; 
Proceedings, American Society for 
Testing Materials (Philadelphia, Pa.), 
Vol. 29, Part II, p. 416; 1929. 

Methods of producing paper improved 
by Federal research. Standards of 
quality developed for use in paper 
manufacture. B. W. Scribner; United 
States Daily (Washington, D. C.), 
Vol. IV, Nos. 285 and 286, p. 8; 
February 5 and 6, 1930. 

Land, sea, and air equipment for trans- 
portation standardized. H. D. Hub- 
bard; United States Daily (Washing- 
ton, . C.), Vol. IV, No. 290, p. 8; 
February 11, 1930. 

Gasoline and steam engines improved by 
Federal studies. H. D. Hubbard; 
United States Daily (Washington, 
D. C.), Vol. IV, No. 291, p. 8; Febru- 
ary 12, 1930. 

Commerce aided by research on trans- 
portation facilities. H. D. Hubbard; 
United -States Daily (Washington, 
D. C.), Vol. IV, No. 292, p. 8; Febru- 
ary 13, 1930. 

What the Bureau of Standards has done 
in research for the printing industries. 
H. D. Hubbard; Transactions, Ameri- 
can Society of Mechanical Engineers 
(New York, N. Y.) Printing Indus- 
tries Division, Pl-51-6, p. 89, Sep- 
tember—December, 1929. 

Use of simplified practice spreads 
among industries. Edwin W. Ely; 
United States Daily (Washington, 
D. C.), Vol. IV, No. 299, p. 1; Febru- 
ary 21, 1930. 

Economies to users from commercial 
standards. I. J. Fairchild; Public 
Utility Purchasing (New York, N. Y.), 
Vol. II, No 2, p. 72; February, 1930. 

Astronomical work of the Bureau of 
Standards during 1929. George K. 
3urgess; Popular Astronomy (North- 
field, Minn.), Vol. XXXVIII, No. 3, 
p. 148; March, 1930. 

Aurora observed. H. D. Hubbard; Pop- 
ular Astronomy (Northfield, Minn.), 
Vol. XXXVIII, No. 3, p. 182; March, 
1930. 
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